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* CDF In a Nutshell

> CDF + DO experiments analyze pp collisions from Tevatron at Fermilab

> Tevatron highest energy collider inworld ( +'s= 2 TeV) until LHC

> Run 1 (1992-1996) huge success - 200+ papers (t quark discovery, ...)

> Run Il (March 2001-) upgrades for luminosity ( x10) + energy (~10% 1)
- expect integrated luminosity 20x (Run lla) and 150x (Run IIb) of Run |

Run Il physics goals:

v

Search for Higgs boson
Top quark properties  (m, g, .r)

v

v

Electroweak (m ., I ,ZZy, ..)

v

Search for new physics (e.g.
SUSY)

QCD at large Q * (jets, a, ...)
CKM tests in b hadron decays

v

v
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CDF DAQ/Analysis Flow
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* Reconstruction Farms (2

Data reconstruction + validation, Monte Carlo generation
154 dual P3's (equivalent to 244 1 Ghz machines)
Job management:
» Batch system - FBSNG developed at FNAL

- Single executable, validated offline . |
T = e PR R M T N e SO AR

-<+— 60 Million events

08 \Apr-0E  ZRIOE  CENMp-O02  N-Mp0E 2002 CoMap-0E  OT-undE
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Oracle DB: Metadata + Calibrations

DB Hardware:
~2 Sun E4500
Presently evaluating:

> Oracle on Linux
> MySQL
- Replication to remote sites

Mark Neubauer/MIT ACAT02



* Data/Software Characteristics

Data Characteristics:

> Root I/O as persistent (raw) data format

- Raw data size: ~250 kB/event

- Reconstructed data (PAD) format: 50-100 kB/event
> Typical ntuple size (stntuple): 5-10 kB/event

- Typical Runlla secondary dataset size: 10’ events

Analysis Software:
- Typical analysis jobsrun @ 10 Hz on 1 GHz P3
- few MB/sec
- CPU rather than 1/0O bound (FastEthernet)

Mark Neubauer/MIT ACAT02



* Computing Reqguirements

Batch Static Disk Archive ==

Lum CPU Disk e Volume
Fiscal (fb") (THz) (TB) (GB/s) (PB)
Year 4.1 4.7 240 4.9 1.7
05
1.6 1.8 200 1.8 0.6
. Farm i
CPU ﬁ?‘é‘}e
(THz)
03 13 160  Write Archive 04
Cache 11O -
as 0.9
0.9 1.0 0.54 60 (TB) (GB/s)
=== - 46 0.48
03] [95] |oa7 28] =
: :

Requirements set by goal:
200 simultaneous users to analyze secondary data set (10 ' evts) in a day

Need ~700 TB of disk and ~ 5 THz of CPU by end of FY'05:
— need lots of disk - need cheap disk - IDE Raid

- heed lots of CPU - commodity CPU - dual Intel/AMD
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* Past CAF Computing Model

Large SMP (128 processor SGI)
g Expensive disks (FiberChannel/SCSI)

B

Analysis Code Development
Analysis Job Debugging
% Interactive Analysis Jobs . fcdfsgi2

Batch Jobs ‘
% "Other” Usage |

Very expensive to expand and maintain

Bottom line:
Not enough 'bang for the buck’

Mark Neubauer/MIT ACAT02



Present CAF Computing Model

User Desktop

Develop. debu

Submit Jobs J Retrieve Cutput

( IDE Raid ]
Commodity CPU Lioux PCs
Inexpensive Disks
: CAF = ) .
DEVEIOP 2 debug Lacge "Pile of PCs” TB File Servers D.Ewdop . debug
interactively s analyze, Store re—analyze g interactively
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CAF Implementation

Onsite (CDF Tral_l_qrs)

mteractwe

Gigbit connection(s)

Fast Ethernet connection(s)

Users are able to:
~ submit jobs
> monitor job progress
> retrieve output
from 'any desktop' in
the world

user data cache
Terabyte File Servers

......................................................................................................................................
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- Start of CAF design 11/01
» CAF prototype (protoCAF)
assembled 2/25/02

> Fully-functional prototype

system (>99% job success) 3/6/02

> ProtoCAF integrated into 4/25/02
Stagel system

- Production Stagel CAF for  5/30/02
collaboration

Design - Production system in 6 months!

Mark Neubauer/MIT
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CAF Stage 1 Hardware
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Workers (132 CPUs, 1U+2U rackmount):

16 2U Dual Athelon 1.6GHz / 512MB RAM
50 1U/2U Dual P3 1.26GHz / 2GB RAM
FE (11 MB/s) / 80GB job scratch each
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Servers (35TB total , 16 4U rackmoulnt)-

2.2TB useable IDE RAID50 hot-swap
Dual P3 1.4GHz / 2GB RAM
SysKonnect 9843 Gigabt Ethernet card

3
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File Server Performance

Local disk reads

Remote reads from CAPF file server

200 * T \ T T T T 70 \ . T T r T T T T T T T
wl\ 200 MB/s 70 MB/s

= 60 —_
= +——e 32k dd blocks
& e—— 64k dd block )
2 160 ocks 50 |
e o+ 128k dd blocks
g i = 512k dd blocks bt
£ 140 »——» 1M dd blocks £ 40 |
| 1 oo 2M dd blocks §
=
o=
S 420 £ 30 .
= =
é‘” gﬂ s> 8 NFSdd
gﬂ 100 gﬂ 20 —» NFS Edm_ReadWriteSeqRoo =
- | - Rootd Edm_ReadWriteSegRdot

—» NFS AC++ job
B —» Rootd AC++ job
w0 60 MB/s 10 kit i
60/ ] L | . ] L | . 0||||
0 20 40 60 80 100 0 25 50 75 100 125

Simultaneous Read Threads Simultaneous Read Threads

Server/Client Performance : Up to 200MB/s local reads, 70 MB/s NFS

Data Integrity tests : md5sum of local reads under heavy load
BER < 2x10™** (Maxtor claims < 1 error / 10 ** bits read)
Cooling tests : Temp profile of disks w/ IR gun after extended disk thrashing
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* CAF Software

Design goal:
Give users access to CAF resources
- CPU
» scratch disk
-~ data handling system
from their desktops anywhere in the world

Design constraints/desirables:
Fermilab computing security policy — kerberos!
Job scheduling - proven batch system, configurable,
fair share capabillity, local support - FBSNG (FNAL-CD)
Adminstrative ease - no user accounts
— non-interactive batch, jobs run as single 'cafuser’ user
User identity — unique privileges for batch jobs, disk space

Mark Neubauer/MIT ACAT02



* User Access to CAF

Job Related:
> Submit jobs
> Check progress of job
- Kill a job

Remote file system access:

~'Is" In job's 'relative path'’

~'Is" In a CAF node's absolute path
~'tail' of any file in job's 'relative path'

- Get full file listing based on metadata

Mark Neubauer/MIT ACAT02



CAF Software

User Desktop

Job request/exe patl
Data server path
Job output path

~ CAF Data Servers
Head Node

o ES Worker Nodes

Request
for batch
submission

L)

launcher

FTP

rep
- -

Scratch rcp

rootd

Worker Node
Mark Neubauer/MIT FTP Servers ACAT02



* CAF User Interface

> Compile, build, debug analysis job on 'desktop'

> Fill in
appropriate fields
& submit job

section integer range

CDF Runll CAF GUI
Initial Command: | /simple. s

Process Type: Short |

K

|EEIEI B10
ples> Browse... |

Ouput File Location: |msnfcdfin<Z.fhal.qo cdffscratwfmsnﬁe gz

@ Email? Email Addess: |msni@fhal.goy

Original Directory Chome/msnsreleasessdeyelopment/Cantil/exarm

| submit | Quit | Ready

(2002-05-23 01:46:51) Em=ail sent to msn@fnal. gow vpon job\completion
(2002-05-%23 01:46:55) /hinstay -cwef /home/man/msnd3959 tog *
(2002-05-23 01:46:57) Remowve ome msn/msnd 9959 tgz ‘

(2002-05-23 01:46:57) JTob 5 ission 1s successful, JID: 87

output destination user exe+tcl directory

> Retrieve output using kerberized FTP tools
... Oor write output directly to 'desktop’!

Mark Neubauer/MIT
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Web Monitoring of

User Queues

Each user a different
queue

Process type for job
length

test: 5 mins
short : 2 hrs
medium : 6 hrs
long : 2 days

This example:
1job - 11 sections

(+ 1 additional section
automatic for job cleanup)

Mark Neubauer/MIT

'~ Hetscape: FBSWAAY CAF list of queues

File Edit Wiew Go Communicator Help
| ") i — N o = n I
FBSNG on the web J
NG Farim: CAF
Tirne: Thu May 23 02:32:41 2002
Eeport: List of quenes
CQueuwes Jobs Modes Process Types
USEI: Name  Status Defoult Process Type Share Prio Waiting Ready Panning Total
gk skom  OK  shor 100 0 0 0 0 0
arnitl oK short 1.00 0 0 0 0 0
anikeev oK shor 1.00 0 0 0 0 0
belforte oK shor 1.00 0 0 0 0 0 ¥
memartin <~ 9K short 1.00 0 0 0 ] ]
msn oK short 1.00 0 1 0 11 12
pauly oK short 1.00 0 0 0 0 0
paus oK short 1.00 0 0 0 0 0
ratnikoy oK short 1.00 ] ] 0 ] ]
rescigng  OK  shor 1.00 0 0 0 0 0
semeria oK short 1.00 0 0 0 0 0
sfilignd oK short 1.00 0 0 0 0 0
sgromoll oK short 1.00 ] ] ] ] ]
shepard oK short 1.00 0 0 0 0 0
sidot Ok short 1.00 0 0 0 0 0
spezziga QK shor 1.00 ] 0 ] 0 0
test oK shor 1.00 0 0 0 0 0 I~
thkim oK short 1.00 0 0 0 0 0
thom oK short 1.00 0 1 0 1 a /
= s weo@ el
I i
ACAT02



P e FREASR CAE e af s =]

rEmr— = Monitoring Jobs In your gueue
miamiy UK sEnt 908 E 1 o [i] E -7 v ¥
OK  &=n "“-
: OK sen 1 e 1 o il 4~ 'Metscape: FBSWWAY - queue msni@CAF
o, \——— - oo W File Edit View Go  Communicator
mrcEnl K eer 1% @ 1 :] L]
FOEIE 4L SR 108 E 1 o 0 A L= S - = a i _ o
Filgi it i B 1 o a
A e T p—— FBSNG on the web
gapss | OKW een 1% b 2 o g NG an‘ﬂ AR
i ak Qen T 1 o a Time: Thu May 23 01:47:23 2002
munn 0K i B a [l E E Eeport: iJuene msn
et 9K 1% ¢ 1 R 4 Cuenes Jobs (Modes Process Types
G aK s i 08 E 1 o (]
- - i : b | User Qmene Parsmeters [ show
't [ & i o2l Monitor ] _
Stams: OK Bonnding: 11 Pending: 0

SectID User ProcType Status Prio NFProc Diate/Time

873.men 800  cdfcaf short running 0 14 Started at 05423 01:47.09
B¥3.men 601  cdfcaf  short rnning 0 11 Started at 05/23 01:47.09
B¥3.men 602  cdfcaf  short mnning 0 11 Started at 05/23 01:47:10
873.msn 803 cdfcaf short mnning 0 14 Started at 05423 01:47:10
873.msn 604  cdfcaf  short mnning 0 14 Started at 05423 01:47:11
873.men 805 cdfcaf  short rning 0 14 Started at 05023 01:47:11
873.msn 806  cdfcaf short running 0 14 Starred ar 05423 01:47:12
B¥3.men 607  cdfcaf  short rnning 0 141 Started at 05/23 01:47:12
B73.men 608  cdfcaf  ghort rnning 0 11 Started at 05/23 01:47:12
873.msn 609  cdfcaf  short mnning 0 14 Started at 05423 01:47:13
873.man 610 cdfcaf  short rmnning 0 14 Started at 05423 01:47:13
873.man_end cdfcaf mader waiting 0 0 Subrnitted at 0523 01:46:57

FCE Group | FESNG

FEEWWW version o

(% @ 0w m %29 72 e KN
Mark Neubauer/MIT ACAT02




4~ Netscape: FBSYWAYW - queue mshiz CAl
File Edit View Go Communicator

bl

Quenes | Jobz Modes Proces

User Quene Parameters
Monitor

=“_m- pNGmoewy = Monitoring sections of your job
6] [S] Eﬁ;ﬁn &ggiﬁff 01:47:23 2002

File Edit Yiew Go Communicator

cdf caf

cdfcaf  ghort

cdfcaf  short

cdfcaf  ghort

cdfcaf  short

cdfcaf  short

cdfcaf  ghort
cdfcaf

873.men_609
873.men 610

873 men_end

(w@oum

|

L b — - a . = . |

FBSNG on the web

NG  Farm: CAF
Tirme: Tho hlay 23 01:48:13 2002
E E Beport: Section 873 msn_ 600 stats

Guenes  Jobs Modes Process Types

User IC: 873.men_600 User: cdfcaf
Ifarittad Quene men Process Type: short
MProc: 1 Statns: mnning
Meed: O Depends:
Submatted: 05423 01:46:57 Started: 05423 01:47.09

CPU dme livdt: 2h00m

Proc Bsre: cpo100 disk:153 Sect Bare:
Hbsnglcaflocalivl 0142 afExe cdf caf @fodfhead] fnal govthomelodfcafhvl 01/submitrer/caflnfmsn_ % s tgz

Command:  msn@Ef cdflne? fnal gowdec difscratchimentremps00 tgz msn 4h
cdf caf@fcdfheadl fnal gowihomede df cafivl 01/ submitterfbs/FBS_%s.msn_ 6001 log fsimple.sh 600

Orther man B00 men 601 men 602 men 603 men 604 men 605 men 08 men 807 men G028 men 609 men 610 men end
sectons: (mooing) (moning) (ooeing)  (oooiog)  (nooodog)  (noodng) (nonodng) (mooncdng) (ocodng) (oooning) (noning)  (waiting

Processes
Process CPU
& Node  Status Ti PID Comamnamd
1 fedfcaf0s7 nmming 0 6931 CafExe cdfcaf @fcdfhead] foal govihomedcdf cafivl Ol submatter/c aflndmen_ % e tgz men@fcdflnyd fos

0 6940  simple. sh 600
] 7221 sleep 120

FCE Group | FESHG

FEFWHH wirsion o1

e owm 28977 O KT =« ]]v]a

Mark Neubauer/MIT
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CAF Utilization

CAF global status Active quenes (last 24h)

sed CPUs

Fercentage of u

Updated: Jun 18

Built using ERDTool 1 er test fkw M an ok
a (e || jdlee m ] ikfuri
Jmuelmen rescigno dbstarr ikrau daronco M thom
Status summary R
Builtusing REDTool
Short Medivon Long All Types

Bunning sections 0 2 g 5
Pending sections 0 0 0 0
Welting tine ik (24h averege): » 120 CAF Users (queues) to date

per job 0.04 0:26 0:00 0:15 > 2_5 neW users per day

per section 2:112 0:52 0:00 1:32 . .

. - Several dozen simultaneous users in

Punning time [hbvroen]  (24h average) 0:20 0:35 0:00 0:27

Updated: Jun 18 12:20:02 2002 a typical 24 hr periOd
Mark Neubauer/MIT ACAT02



CAF Utllization

CAF worker CPU utilization

120

100

4IHILA0 T30l 100Llddd

a0 -fatih

’-'-Eim. it

m-ﬂmmmnﬂ....
—= R T i
#F--r'

Ifi |8 T 4T | CAF utilization steadily rising
A % 0 HEL R | since opened to collaboration

s0 LT

Humber of CRUs

40 T :

0 LELL.

. AR | v, | {; Prov|d|ng 10-fold increase in

" sat Man Wed Fri Sun Tue

B short W medium @ long O total analyS|S reSOUI'CeS fOI‘
CAF worker CPU ut.'i].'izat'iun summer phyS|CS Conferences

-
120 T :—|3 i

=t
i

43WILA0 T30l & T00lddy

100
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) NN WHER L | horizon

EO

\
e S,

Number of CFUs

40 - o L | I o[ )0

20 Tk ' mN RIRE

Week 20 Week 21 Week 22 Week 23
M short W medium [ Tong O total
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{Vlunituring]
daemon

Y

[ Parser ]
daemon

oraphs

Apache server

=
L]

| Utilli Nodes

File Servers

Worker Nodes

Client info
every 30 secs

- CPU/Memory
Utilization

2 Load Avg

@ Network activity

CAF Node
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CPU usage for fcdfdatadns

System Monitoring

100 T ] .
= L. :I 5
5 EO e : e
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2 TB File Server

Data transfers CPU limited

\ Analysis Jobs CPU bound

Worker Node
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* Data Handling

Data archived using STK 9940 drives and tape robot

Enstore: Network-attached tape system developed at FNAL
- provides interface layer for staging data from tape

I'otal Hyles | ranshormed For Day (no null mes) (Floled: 2000 May-28 0123118}
o+ 12

s 187014

T I|m|H Iu= ———————————— ——— — - i - _— - —— — - _— e ————
m;guf'g;ﬂg;:g;g':;;f CDF Run Il Data an_g_lﬂg March 2001 - May 2002
'.'||'.‘+12< T T 1 P I NTFE=-E _| IERRRE TTETTTTTrTrTd IRRR ITTT | NERRRERERRRRRARRRERRREEN
9 1D/ ay I =1uuf<—100 TB
etz i E ani— | All (raw+processed) data
b
{ 5oz E o I raw data only
ELE >110T
Jee12 2
£ z
= El]_—
Te+12
1]
':J:l1 i 1y B = et i} 0223 0305 a3-23 Ll -5 12 Ba i} (=T} P 1501

k]
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* Data Handling

Dcache - network-attached disk cache from DESY

> Front-end disk cache for Enstore (read and write disk pools)
~ Currently in B testing - working toward production use in CDF

SAM - framework for global data handling/distribution

> Jointly developed by FNAL Computing division and DO
- Works with Enstore and CDF analysis software framework
- Currently under evaluation for use in CDF data distribution

— see lgor Terekhov's talk

Mark Neubauer/MIT ACAT02



CAF Implementation

Onsite (CDEF Traﬂers)

mteractwe

Gigbit connection(s)

Fast Ethernet connection(s)

Users are able to:
~ submit jobs
> monitor job progress
> retrieve output
from 'any desktop' in
the world

user data
Terabyte Tile Servers

.......................................................................................................................................
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Toward the Grid

DCAF (Dec;ntralized CABE)

)

i

Onmsite (CDF Trailers)

interactive

DCAF (Decentralized CA
e '-, e t-'h

| user data
' Terabyte File Servers
L L L B R L A P s i B R i
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Peer-to-Farm Paradigm

DCAF

User Deskiops User Desktops

=

Mark Neubauer/MIT
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Minimize job execution time:

DCAFs update broker
> CPU/disk utilization
> Local data

User generates request
> CPU time/event

> Metadata ID (dataset) =¥

LR

Execution time on each DCAF &
> CPU+I/O resources+utilization

> Data movement (if necessary)

Job goes to DCAF with lowest
'bid'

Mark Neubauer/MIT
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* Summary/Conclusions

Distributed Peer-to-Farm Computing Model

Production system under heavy use:
- Single farm at FNAL

- Many peers all over the world
100+ total users
100+ simultaneous jobs
Regularly up to 800 jobs per user queued

Future development:
- Extend data handling
- Multi-farm brokering
» Scale system by O(10)

Mark Neubauer/MIT ACAT02



